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EFFECT OF VARIOUS BIOCATALYZERS ON THE WATER-PERMEABILITY
OF PROTOPLASM

é?ollowing is a translaticn of an article by
ermann von Guttenberg and Anna Beythien of the
University of Rostock Botanical Institute,
Rostock, Germany, in the German-languags publi-
cation Plants, Vol. 40, 1951, pages 36-39,/

Submitted for publication 19 haar 1951.

I. Introduction

The writers stated in an earlier work (Krpelin 1945,
Von Guttenberg and Kr8pelin 1947) that the pulvinus of
Phaseolus Multiflorus carried out movements which corres- .
pend to the normal nastic movements of such plante whenever
heteroauxin or growth factors of natural origin (from Avens,
for example) are applied externally to the plant or taken
in, internally. Possible explanations offered for this
behavior were: changes in the elastic or plastlc proper-
ties of the membrane; changes in the pressure deficit or
suction tension of its contents or an effect on the water-
permeabillity of the pulvinus cells.

It was assumed for a long time by a number of auth-
ors (such as Von Overbeck 1926, SBding 1931, Heyn from 1931
onwards and Ruge 1937) that growth factors affected the mem=
brane directly. The reason which led one to hold firm so
long to such an improbable interpretation was the fact that
though changes were observed taking place in the protoplasm
and the cell sap, they always ococcurred only after a certain
period of time had elapsed, which was a great deal longer
than the reaction time of the growth process. Thus Fried-
rich (1936) 414 find an increase in sugars present on the
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under side of Helianthus shoots when stimulated geotropical-
ly and In this case enriched with growth factors, but this
did not make its appearance until after & number of hours
had passed. According to Ruge, too, certain physiological
changes in the cells only occur & considerable period of
time subsequent to the growth reaction. More recently Ren-
ders (1942) demonstrated that there is an increase in res-
viration which sets in under the influence of growth fac-
tors and that this leads after a passage of a number of
hours and even after some days to an increase in osmotic
substance.

No tests had as yet been made by anyone to determine
wvhat effect growth factors might have on protoplasm perme-
ability. Because of this we investigated in the above men-
tloned paper, the possibility that the water-permeabillty
of protoplasm might change under the influence of growth
factors. We selected the acceleration of deplasmolysis
tine (Huber and HBflor 1930) as a measure of increased
water permeability. Since the pulvinus cells of the leaf
joint are poorly suited to such experiments, we selected
two well-proven subjects for our experiments, namely, the
epidermal cells of the lower leaf side of Rhoeo discolor
and of onion skins. An increase in water permea Yy
brought about by growth factors could then be proven valid
if the deplasmolysis tlme were decreased in such subjects
as compared with controls. :

We did, in fact, discover the existence of such an
acceleration specifically upon utilizing heteroauxin or
concentrations of diffusate lying within known rhysiologi-
cal limits.

These investigations had to be broken off permature-
ly because of the events of 1945 (immediste aftermath of
World War II). The results attained appeared important
enough; though, to prepere the way for taking the experi-
ments up again on a broad basis. The primary effect of the
growth factor, so long sought after, was discovered and it
was recognized that it concerned neither the protoplasm nor
the cell wall. Particularly important was the fact that
the protoplasm was affected in a very short time, theredby
explaining unusual spoed with which heteroauxin carried out
its action as had also been reported shortly beforehand by
sutter (194L;) in her work. After ocur first regort (Kr8pe~
1in 1945) another paper by Koningsberger (1947) appeared
establishing the existence of a temporary total 1nh1b1t§8n
of deplasmolysis on the part of heteroauxin 10~7 and 10
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in isolated protoplasts of onlon skins, lasting seven to
nine minutes; this phenomenon will be dealt . with further
later on in this paper. Veldstra (19l);) also seized upon
this concept and even !dentified the growth factors as be-
ing regulators of protoplasm permeability. Finally, Pohl
(19119) investigated the effect which growth factors have

on the elongation of coleoptiles. He found that the sudden
elonmation of the cells requires an increase of from four
to six times in the cell's suction tension. This increase
cannot be attributed solely to the release of pressurs by
the cell walls, since the latter amounts to only one-fourth
to one-tenth of the cell suction tension. On the other

hand, it has been brou%ht to light, particularly in investi-

gations by Ruge, that the suction tension of the cell con-

tents does not increase during cell elongation but rather
decreases considerably., A further factor must therefore

be responsible for the rapid water uptake, and the question
arose as to whether an increase in permeability to water
might not be the cause. Later on several additionai new
papers will be dealt with.

, The part which follows describes the effects which
different growth stimulants and inhibitors as well as other
agents have on the water permeability of protoplasm. Sup-
plementing this work we have also carried out tests with
and Ca' 1ions, as had been done earlier particularly by
Fitting (1915), Gellhorn (1930) and deHaan (1935). Lastly,
growth stimulants ard inhibitors were combined and added in
the hope that the results of such experiments might enable
us to reach further conclusions as to the manner in which
these substances carry out their action.

II. Materials and Methods Used

Preliminary tests indicated that the violet epiderm-
al cells of Rhoeo discolor would prove most satisfactory as
test subjects. Here, too, certain additional precautionary
measures had to be taken in order to be able to work with
material which could readily be compared. The epidermal
cells of the middle third of the leaf showed themselves of
equal value from the standpoint of osmosis, The leaf tip
and base showed large differences in osmotic properties.
The epidemal stiips were taken near the median portion of
the leaf and square surface cuts one to two mm. long on one
side were made with razor blade to remove pleces as thin as
possible. Each such piece comprised about 80 to 130 intact
cells. Test runs were carried out only on cells from the
same area so the condition of the protoplasts could be
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generally considered as identical. Esach run of tests was
observed through a number of microscopes side by side in a
row. This ensured that the same temperatures and light in-
ternsities would be present. These factors are important
because in accordance with our observations, we found that
differences or fluctuations in thess factors cause the de-
plasmolysis times to change. Such times become longer with
lower temperatures and decreased illumination, particularly
in the evening, while an increase in tempsratures brings
about considerable acceleration., These finding concord with
figures given by Derry (1930) who found that plasmolysis
time was shorter in SEiro§1ra the higher the temperature

- rose. Since we were unable to keep the temperature and
light constant at all times we averaged the figures of the
sixth to tenth test runs of a single day and reglstered the
results in the tables. Along with the fluctuations in read-
ings caused by light and temperature, we dlscovered also the
existence of seasonal and climatic effects (for example,
effects induced by stormy weather). According to Fitting
(1919) and Bdrlund (1929) plasmolysis, itself, does not
bring about any change in the protoplasm permeability of
Rhoeo,

fannitol showed itself to be preferable as a medium
for plasmolysis, since the Rhoeo protoplast is not perme-
able to this substance. It was found in many endurance
tests that even after L0 hours duration in the mannitol sol-
ution, plasmolysis failed to recede. A 0.5 molar solution
of mannitol in distilled water served as a stock solution.
Plasmolysis was for the most part carried out with a 0.3
molar solution and deplasmolysis with a 0.2 molar solution.
The individual concentrations conformed to the osmotic pro-
perties of the particular Rhoeo epidermis being tested.
This was determined each tIme by determinin% the 1limit of
plasmolysic, using graduated mannitol solutions differing
from one another in 0,0025 mol steps.

In general the work was carriad on with a number of
test runs simultaneously. Pure mannitol solutions were
used for the plasmolysis and deplasmolysis test runs on
controls. Both kinds of solutions of the agent to be test-
ed were used on the experimental runs, using graduated con-
trations. First the cut out pleces remained for 30 to 60
minutes in covered glass containers in the plasmolytic med-
jum. Then they were transferred into the deplasmolytic
medium using a platinum loop and were bathed in it there
for from two to five minutes to remove an{ remaining plas-~

a

rolytic medium. Subsequently they were placed on a hollow
S
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ground slide with deplasmolytic medium under the micro

and were left there for one minute in exposed dropletssggge
fore starting the first counting. We then put it back in
the deplasmolyzing solution. This process was then repeat-
ed again at intervals of several minutes until just before
total deplasmolysis set in and the counting was done under
a cover gliass supported by glass fragments. Thus the test
pleces were always fully washed and rinsed, were not cut

off from the air and the solution was protected against e-
vaporation.

At Tirst we used the method of evaluation according

- to Kaczmarek (1929), which was based on earlier results ob-

tained by Fitting (1915). In this method of calculation
all the violet cells in a single sectlon are counted and
the numher of plasmolyzed cells at the present stage of the
test is givan as a percentage of the total number of cells.
Tho numbers thorefore increase during the course of the
plasmolysis test up to 100, while during deplasmolyslis they
decrease until finally zero 1s reached, 1.e., until all the
membrane's cells are again in contact with the membrane.
Later we used the more simple and vivid method of calcula-
tion described by deHaan (1935). The procedure used by
deHaan consists in defining the quotient resulting from the
deplasmolysis time of the controls « Tk and the deplasmoly-
sis time of the test snbjects = Tv., If Tk = Tv, then the
quotient is 1 and the solution being tested has no particu-
lar effect. The accelerated effect of a substance 1s indl-
cated by a quotient larger than 1 and the retarding effect
1s shown by a quotient smaller than 1. The ahsolute times
of thesc tests corresponded to the earlier tests, 1l.e., the
deplasmolysis times of the controls fluctuated according to
the temperature between about 20 and 4O minutes. A lasting
inhibition of deplasmolysis is indicated 1n the tables by a
dash. These are those special cases in which the proto-
plasts never did rsturn as far as the cell wall at all. A+
in the tables means damage to or destruction of the proto-
plasts.

IITI. Test Results

‘a) Growth Factors

1. Heteroauxin. Beta-indolylacetic acid manufac-
tured by the Merck Co., Darmstadt, Germany, was used for the
tests with heteroauxin (abbreviated HA in the text which
follows). The substance was dissolved at L(°C., was kept
in brown glass bottles in a cool place. The solutions were
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used no longer than three days because they soon began to
decompose (pale pink coloration). The concentrations of
HA piven in the table are in_grams per milliliter. Tests
were carried out between 10~° (one part in 036 thousand)
and 10~/ (one part in ten million). The 1072 concentration
brings about complete destruction of the protoplasts in a
short time, which will be reported on in greater detall
later on. It will suffice to mention here the fact that
the changes which were noted to take place in these tests
and in those which followed were not brought about by any
change in pH, but represent s,pecific effects in themselves.
The pH value was first tested by Dr. H81l with the aid of
. litrmus paper having an accurecy of 0.2 pH. Later on we used
an ilonization gauge with quinhydrone elctrodes and an accur-
acy of pH 0.l. The detailed results of this investigation
will be reported in a subsequent paper. Tables 1 and 2
show the results of plasmolysis and deplasmolysis tests us-
ing the Kaczmarek system of evaluatlon., On lg June 19149
the HA wes added to the deplasmolytic medium only, herrce the
plasmolytic medium did not contain HA. It will be noted in
table 1 that after 10 minutes in ths control solution up-
wards of LS of the cells were plasmolyzed and after 4O min-
utes all the protoplasts were again in contact with thelr
cell walls., Upon addition of HA one noted afier 10 minutee
hetween IO'h and 107 an increasi=z and finsily a very pow-
erful inhibition of thLa entry of watsr into the cplls. If
we disragard the effects of concentrations of 107 and
greater, one figds that such an inhibition 1s only fransi-
tory. With 1072 1t still lasts a while, but at 107~ and
10-7, i.e., in those concentrations, moat significant from
a physiolorical standpcint, there is a sudden reversal.
The water now enters the cells so rapidly that at 107/ all
rotoplasts reach their cell walls after only 20 minutes
?compnred with LO for the controls). Thit shows that t he
water permeability of the protoplasts gremtly increases
within the range of concentrations of HA.




Tabelle 1. (©)
Dcplumolyso." . )

16. 6. 49.
e
Zoit (J) Kontmll(bﬂ Versuch mit .Hewronuxm( )
min / 10-¢ T 10~ 10~
10 45 62 5 ‘80 88
15 28 50 50 13 k) .
20 22 40 31 4 0
25 11 40 10 ' 2 .
30 6 32 2 0 ,
35 .2 32 0 ,
40 0 33 ) !
100 32 i ‘

~ (a) Table 1; (b) Deplasmblysis: (c) Time min.;(d) g
Controls; (o) Test with heteroauxin. ,

Tabells 2.(2)

17. 6. 49,
» {
Zeit (-6) l Kontrolle Versuch mit Mm(:\)
pan ) (O 1w T a1~ | 107
Pleamolyse (< )
25 T ) .35 | 80 ©100 ;100
30 30 5 00 ; , ;
35 35 80 | 100 ! ¢
50 100 100 | l
10 | 60 % ! 6 45
15 i i ‘ 28 {
20 39 S8 ' 30 . 1¢ .
25 23 85 ! 18 ) 3
2 85 0
30 13 85 9 8
s 1l 84 4 0 '
40 9 .23 0
45 4 84
50 0 84 \ .
o 84 ‘ . i
16 °. Depl. - i
mww«m?) -4 min - ' 40min $Smin 27 min

(a) Table 2; (b) Time min.; (c) Controls; (d) Test \
with heterocauxin; (e) Plasmoiysis; (f) Deplasmolysis; !
(g) 1004 deplamsolysia after... b

Table 2 shows that these results may bs readily ob-
tained consistently in subsequent experiments, i.e., they
are readily reproducible. In this test run, the HA had al-
ready oeen added to the plasmolytic agent beforehand. ‘ihis |
held true with but few exceptions for all subsequent exper- |
iments. The time required for deplasmolysis has been some-
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what shifted, while, in meneral, more time was required to
achleve comylete deplasmolysis, but here again, upon addi-
tion of 10~ , the deplasmoiysis time was only about half
as long as in the controls. The inhlbiticn of deplasmolysls
at the beginning, which was experienced in the earlier ex-
periments, is now absent, The reason for this was as men-
tioned above, that the HA had already been added to the
plasmolytic apment beforehand. In later experiments it was
also found that the initial inhibition only appreared when
the plasmolytic agent was free of HA. Table 2 also contains
data on plasmolysis. The protoplasts behaved alike up to

15 minutes in all solutions (excepting HA IO'u). In all

. cnges thore was a gradual withdrawal of the protoplasts.
Here, then, the transitory inhiblitlon by the HA did not make
1ts appearance. Very clearly distinguishable differences
already make themselves apparent after 15 minutes. While
713 ¢ the contrgl cells have undergone plesmolysis, those
treated with 107° and 10-7 HA have alrsaldy all undergone
plasmolysis. This promotion of the release of water from
the cells thus corresponds fully to the intake of water
which occurred during deplasmolysis,.

The 10°5 concontration showed a considerably lowor
effect in rrompting the fluid transfer in both sets of
tests. HA 10-l4 carries out an entirely different behavior
both in plasmolysis and deplasmolysis. In tue former one
notes at the start a very powerful inhibition of the release
of water, but this condition 1s only temvorary, so that 100%
plasmolysis is resched at the same time a3 the controls.
There was also a powerful inhibitory effect durlng deplas~-
rnolysis, which, however continued, witn the result that man-
v of the protoplasts failed to reach the cell walls even
after 100 minutes. Durinz the first set of tests 32% of the
cells remained permanently plasmolyzed and during the sec-
ond set, 8l}3. Dofore going into these phenomena in greater
detail, the results of the test runs will be given in keep-
inr with the deilaan method of svaluation. Table 3 contains
the Tk/Tv quotients for different HA concentrations. It ia
clearly shown that the deplasmolysis times with HA 10-7 are
only half as lons as those of the cgntrola; the average
valge 13 2.04. The quotient at 1070 shifts to 1.50 and at
10=5 to 1.30. In this area, then, the acceleration gradu-
ally drops off. Concentrations of 10~3 still destroy‘all
of the protoplasts; at 10~ tho same effect (+) does par-
tiall; male its appearance, or the protoplasts were no long-
er able to return to their cell walls (~). Only in the
tests carried out on 10 October Aid d;glnsmolyala take place
entirely, accompanied by a powerful inhibitlon of the water
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intake, which expressed itself in a quotient of 0.41. Other
such tests in the same month were successful and are piven
in Table 20, below. The figures shown there are 0.52, 0.ll,
0.70 and 0.53. The inhibitions can always be obsaerved to
talte place, even when full deplasmolysis tskes place. We
were able to achleve this effect regularly ORly durirg the
nonth of October with a concentratlion of 104, Apparently,
then, the Rhoeo protoplasts are more resistant to HA at this
season than durinr the summer months.

T.bell 3. Heterouuzin. (d)

0 e 10-* 1' 10-° ; 10-"
16, 6.49 + - 1,25 1,50 I 2,08
17, 6,49 + + 1,55 475 l g,
8. 6. 49 + — 1,14 1,33 2,00
20, 6.49 + + 1,3 1,53 l 2,16
2. 8.49 + — . 1,25 1,43 ! 1,85
13. 10. 49 + 0,41 i 1,31 1,68

(a) Table 3 Heteroauxin.

It folloys from the above tlat physiolocical concen-
trations of 10-° and, particularly, 10°/, increase permae-
BIIIty to water. This ellect drops oll with liacrease 1n
concentration and at 10~> is only very slight. This behavi-
or requires an sxplanation, as does the trancitory inhibi-
tion which occurs at the start of deplasmolysis (Table 1),
which was also observed by Komingsberger (1947)., The phe-
nomena which occur in the 10~° HA solutions are at first
cight particularly difficult to understand. It i3 our wish
to attempt to give a unified explanation of the entire be-
havior as a whole in the portion of this raper which follows,
T do so, we deeom it besg to starﬁ with the effects produced
by concentrations of 107~ and 107%.

YA 10-3 causes the protoplasts to disintegrate. It
st ould be noted that the protoplasm of other plants is even
rore sensitive to ilA. While with Rhoeo there i3 still some
veriod of time in HA 10‘3 pefore the protoplasts dissolve,
all the ceils of onion sliin epidermis, Helodea leaves and
Salvinia water leaves very quickly run out, Assuming that
the manner in which the protoplasts are destroyed can en-
able ono to draw certain -~onciusions about the mode of ac-
tion of A, we atudied the process of deatractlon in Rhoeo
and Alli'm in preater Jdetiil., To this end we first plasmo-
lyzed thi cells in Mannitol without any added HA. We then
observed such a process tak1n§ place in the deplasmolysis
which followed. After 10 to 15 minutes the surfaces of the
free protoplaats start to show changes in both subjects.

-9-




“ith Allium, broad caps form, having a foamy structure (Fig.
1, 3a]. The foam bubbles soon become larger and during the
following 10 to 15 minutes they Clow into one another ?Fig.
1, 3b). The plasmalemma has therefore been dissolved, while
the tonoplast still remains intact for a while. After a
total period of 23 to 25 minutes, the tonoplast finally al-
so dissolves and the cell sap pours out into the cell cavi-
ty. No foamy caps appear in Rhoeo. In their stead, small,
light refracting droplets cluster about the outline of the
free protoniasm (Fiz. 2, 3a). During the following 5 to 10
minutes these droplets cluster about the outline of the free
protoplasm (Fig. 2, 3b). After a total of 23 to 25 minutes
. there also occurs here a step-by-step dissolution like the
one that takes place in Allium, with the droplets finally
remaining free of the cell wall (Fig. 2, 3¢).




/§'
f&"
i
. )
b /
1 3
Fime 1 - Allium epidernal cells. 1, Deplasmolysis

in nannitol soluEI s ea, b, the sams with addition of
pgragorbic acid 10' ; 3a. b, the same with addition of HA

(@) S
g
2=

Fig. 2 =~ Rhoeo epidermal cells., 1la, b, progressive
deplasmolysis in mannitol solut on, 2a, b, ¢, the same with
addition of parasogbic acid 107¢; 3a, b, ¢, the same with
addition of HA 107

The destructiop of protoplasts herein described also
takes place in HA 104 when the cells are in a state of
heichtened sensitivity. At the same time we found in many
cases where no destruction took place that rather the de-
plasmolysis ould no longer completely take place so that
permanent plasmolysis had occurred. Two possible explana-
tions can be found for this. One explanation 1s that of a
large increase in viscosity. The protoplasm's resistance

«r 11-
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to the entrance of water would then be overcome as long as
the suction tension of the cell was still high. With swel-
ling of the protoplasts %he effective osmotic pressure would
then decrease and the suction ceculd finally no longer over-
come the resistance ¢f the protoplasm. This operates --
even 1f in a different way -- just as restrictingly as cell
wall pressure. Another explanation would consist in the
fact that in this case, too, one could already assume the
existence of a certain degree of injury to the protoplasm,
This would allow osmotic contents to be released during de-
pPlasmolysis and the halt in deplasmolysis would be attribu-
table to the isotonicity already achieved with the external
- golution. In fact, one can achleve complete deplasmolysis
if the deplasmolytic agent is further thinned. This fact
alone, though, does not enable one to make any decision in
favor of one or the other of the two possibllities. We be-
lieve, however, that the first of the two alternatives sug-
gested is correct since we never saw any anthocyanin issue
forth; this 1s all the more so because, apparently, an in-
erease in viscosity and the destruction of the protoplasm
are entirely different processes. The former 1s a revers-
ible process, while the latter involves irreversible struc-
tural changes.

It is easy to understand that thﬂ‘protoplasts are not
destroyed by the plasmolysis in the 10™%+ solution. During
plasmolysis, the tension of the protoplasm membrane decreas-
es, while during deplasmolysis 1t increases, and the proto-
plasts subjected to tension would understandably more read-
ily break down than those released from tension. Further-
more, the outwards flow of water assoclated with plasmoly-
sls at first keeps the blocatalyzer away from contact with
the protoplasm membrane, while inward flow, on the contrary,
brings such biocatalyzers in contact with the membrane.

This phenomenon should be borne in mind in all plasmolysis-
deplasmolysis investigations of this kind.

It 1s more difficult to understand the behavior of
the_cells in the "physiological™ concentrations of 105 to
10-7, We see that the increase.in permeability runs con-
trapy to the concentration gradient. A concentration of
LV™2 differs very little in its effect from the results
obtained with controls, but it would be quite impossible to
assume that HA in this concentration remains as good as in-
effective.,

The entire behavior becomes understandable at once
if one attributes a double action to EA. It has recently

.
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beconis increasingly clear that HA only promotes growth when
it is present in intimate association with protoplasm.

This 1is particularly clear from the works of Geiger and
Sutter (1943) and Sutger (1944). Cucumber hypocotyls which
are immersed in a 10-C solution of HA will combine with
only a limitad portion of the substance offered thom. The
numver of molecules which combine are inaufficlient by far
to covsr the entire surface area of the protoplasts. It
can therefore be assumed that only specific sltes of reac-
tion are present in protoplasm, at which sites the substance
forms a bond. We may now assume that only the HA which has
formed a bond or combined with the protoplasm is able to

- increase water permeablility, while the free HA works against

the combined HA to decrease permeability and that too high
a concentration of free HA ends in destrﬁying the proto-
plasm. The amount of free HA in the 10~4 solution predomi-
nates to such an extent that it brings about a cogdition of
powerful irhibition. With a concentration of 107° the in-
hibition becomes weaker and approaches the point where it
almost equals the amcunt by which permeabllity 1s promoted,
achleving an almost equal balance or a compensating effect;
compared with controls, only a slight promotion or favoring
of watgr intake exists at this point. With concentrations
of 107° and 10-7, the inhibitory effcct finally decreases
to such an extent thet only the promotional effect remalns,
reaching 1ts maximum level. Such an effect could be of &
direct nature, but a large amount of data speaks for the
fact that it is of an indirect kind. One of us (Guttenberg
19},2) has put forth in numerous papers the theory that the
effect of HA is not direct, but that it depends much more
on the fact that it frees the auxin combined with the pro-
toplasm by displacing it and thereby activates 1t. This
process has already been carried out during the first inter-
action with protoplasm by means of a displacement process.
The permeability promoting factor would no longer then be
the combined HA, itself, but rather the auxin 2§ee Note7
thus freed by this process. This theory could perhaps alsg
explain the initial inhibition during deplasmolysis in 10~
to 107 solutions during the first experiment (Table 1).
The added HA is first free and must consequently have the
effect of increasing viscosity. Only after several minutes
when it has gone into combination does its second, promo-
tional effect come to bear.

(Zﬁotq€7 Auxin is taken to mean both here and sub-
sequently that growth factor which demonstrates itself to
be acid resistant. There can hardly be any doubt that such
an agent does exist since numerous authors have found that
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plant extracts which were boiled with acids showed negative
curvatures in the Avena test or ocat coleoptile test and a
corresponding behavior in other tests. Thus recently Avery,
Berger, and White were able to extract both an acid resist-
ant and a lye-resistant growth stimulant from cabbage vari-
eties, both of which substances wers found to be present
pdrtially in a free state and partially in combination.
Whether or not these acid resistant growth factors represent
auxin a and b described by KBgl or not will not be dealt
with here; as long as these substances remain unavallable
the question cannot be resolved one way or the other. When
the manuscript of this paper was already finished, a paper
by Reinert (1951) appeared in which HA was identified as

the growth stimulant for oat coleoptiles. Thls agrees with
earlier data by Wildman and Bonner (1948). In subsequent
investigations we also discovered a growth factor in ether
extracts of coleoptiles which is destroyed by aclds and pea
enzymes, thus corresponding to HA. It would seem,though,
that the extracting agent is of great importance to the re-
sults obtained from such experiments. We will shortly re-
rort on tests in which we obtained from the same material
in one case acld resistant growth factors by extraction with
alcohol and in the other case lye-resistant growth factors
by extraction with ether, wherein only the second of the two
substances was destroyed by pea enzymes. If the acid-resia-
tant enzymes have no connection with K3gl's auxin, then a
new possibility presents itself, namely, that there are two
modifications of HA, one which 1s acid-resistant and mi-
grates to the lower leaf base side and the other of which is
lye-resistant, being diffused to the opposite pole.)

Mention should aiso be made of several new papers
which appeared during the course of our work. Above all %he
recent work of Koningsberger is significant. He worked with
1solated Allium-protoplasts (onion skin mesophyll) and used
glucose as a plasmolytic agent. He holds that it'is‘import-
ant to isolate the cells, otherwise an absorption of ‘the
biocatalyzers by the cell membrane would keep these substan-
ces away from the plasmalemma. We could raise the objection
that the solution is available in a sufficlently large sur-
plus to render this possibility hardly worth considering.

On the other hand there is always the danger that the proto-
plasts, in being isolated, will be damaged and, finally,
that the use of sucha method will never make available any
more than a few individual protoplasts for observation.
Koningsberger, like ourselves, noted the existence of a pow=-
errgl in:tial inhibition of deplasmolysis when he added HA
10=% or 10-7. Swelling started afterwards, but it occurred
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more slowly than in the controls. In the end some of the
protoplasts were smaller, but others were much larger than
those of the controls. Koningberger, himself, spoke of his
results as being of a preliminary nature. On the other '
hand, the number of cclls which were tested by us was so
large that we cannot have any doubt as to the correctness
of our findings. In addition, the most important fact to
Koningsberger was the proof that HA first affected the pro-
toplasm and not the cell wall. In many respects his own
thoughts agree with ours. Brauner and Hasman (1949) fur-
ther developed the results of investigations carried out by
Reinders (1942). They found that slices of potatoes and

- other tubers and turnips showed a clear increase in water
intake when HA was added in concentrations of 10-5 to 10-°.
This fact was substantiated by Commoner et al (1943), Over-
beek (194l) and Levitt (1948), in three papers which unfor-
tunately ars unavailable to us at the moment. These authors
attempted to explaln the water intake partially on the basis
of an increase in osmotic substance associated with an in-
crease in respiration. Lastly, Levitt looked upon an in-
crease in the plasticity of the cell wall as a_cause. gn
contrast, Brauner and Hasman found that HA 10-5 and 10~
made 1t easier for water to enter the tissues, which is en-
tirely in agreement with the above mentioned investigation
by Pohl (19L49).

2. Avena growth stimulant. In our earlier tests
with Phaseolus JoIn¥s, the diffusate from oat coleoptile
tips produced the same effect as HA. We now used an extract
made up In accordance with data provided by Moewus (19&9)
for our plasmolysis tests. 10 mm., were cut off from the
tips of oat coleoptiles after they had reached a length of

to 5 cm; a hundred ¢f these tips weighed about 0.7 grams.

ey we™e then ground together with 10 ml. of twice-distile
led water: and one drop of 104 acetic acid, using a mortar
and pestla. The extract was kept at L°C. in the dark for
a 2li-hour period. We then filtered the extract and 7 ml.
were thus obtained. According to Moewus the filtrate thua
made up hys the same offectiveness in the cress root test
as HA 10-0, We further diluted our filtrate so that solu-
tions corresponding to HA 10~7, 10-8 and 10-9 were made
ready. These concentrations are shown in Table .
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Tabello 4. Avena -Wuclcuto//.( é )

IR U O
16.1.50 | 150 | 200 ! 1,00
24.1.50 | 130 | L4 . 1,00
23. 1. 50 glzoi 1,0

1,50 |

(a) Table l4 Avena Growth Factor

As is shown in Table l, both the 10-7 and 108 con-
centrations had a favorable effect on deplasmolysis, while
this effect disappeared in concgntrations of 1077, The max=-
Imum effect was achieved at 10-Y, If one compares these
findings with the A tests (table 3), then one will see
that the comparsable concentratigns which _had previously been
caleculated as equivalent to 10~V and 18'7 YA, are actually
more nearly equivalent to 10=7 and 10-°HA, respectively.
Apparentiy our filtrate was more concentrated than that pre-
pared by Moewus anc 1t must have, in fact, corresponded to
an HA concentration of 10-5, The fact that coleoptile tip
extracts do aot always have the same concentration of growth
factors was also brought out later on as is shown in Table
22. In this case the rslationship between Tk/Tv at concen-
trations of 10-7 averaged 1.15; at 10-8, though, it was
1.47. _This corgesponda roughly to the HA concentrations
of 10-5 snd 100 in Table 3, respectively.

Natural growth frctors obtained directly from plants,
therefore clearly accelerate the denlasmolysis rate when ap-
plied in physiologicall:: effective dilutions, thereby in-
creasing water permeabl)ity.

Alsc in the appl.cation of Avena growth factors we
came across the fact thnt the effectivensss increases as the
concentration diminishes. Th:.s relationship has already
been known to exist for many blocatalyzers but to date it
has not been subjected to sufficient analysis. Here, too,
one comes closer to the truth if one assumes that the sub-
stance has an inhibiiing effuct along with its promoting
effect. In order that it may carry out its promoting acs
tion, molecular bonds must npgnrontly be present at specific
sites in the protoplasm., As long as thess sites are ocou-

pied, the excess of active material has an inhidbiting offect
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at some other site. We were never able to observe the pre-
sence of any absolute Inhibitlon utilizing Avena growth
factors. This though, would only be attributable to the
fact that the high concentrations required to do so could
not be produced.

3. Phonylacetic Acid. Among the well-known syn-
thetic growth promoting agents, we unfortunately had only
rhenylacetic acid available to us., It is soluble in water
in concentrations of 10-2, As is shown in Table 5, diluting
1t to 10-5 clearly brings about an acceleration of deplas-
molysis. At this point it reaches a mgximum and its poten-

- ¢y corresponds approximately to HA 10°%., In further dilu-

tion, (10-°, 10-7) phenylacetic acid remains without any
effect. It alsP seems to lose its effectiveness in concen-
trations of 107", though it should again be assumed that
here, too, two different processes are compensating for one
another, namely one a growth promoting and the other a
growth inhibiting action. Hence, the next step to 10-3 al-
ready shows a clear inhlibition of water intake. In concen=-
trations of 1072 the protoplasts are already destroyed with-
in two minutes. ‘The cell sap becomes pink and runs out.

The behavior of the 1073 concentration needs to be
described in still fuller detail. There 1s already a dif-
ference compared with the controls even during plasmolysis.
It is true that plasmolysis starts at the same time as it
does in the controls, out it takes place at a faster rate,
which did not ccour with the other concentrations. Soon
afterwards it comes to a stop and 15 to 20 minutes later
the protoplasts dissolve, going through the same processes
as described for HA 10-5, In order to be able to study the
deplasmolysis, we plasmolyzed the plece cut out from the
leaf without any phenylacetic acid at firat and placed it
in the deplasmolyzing agent, Here, too, ths majority of
the protoplasts was destroyed, but in several cases we were
able to observe an inhibition of deplasmolysis lasting 10
to 20 minutes. This inhibition is shown in Table 5.

Tabelle 5. Phenyloseigature.(¢)

10 e e | | e~
i 1 '
28,8 o 0.51 m 1 4 100 |10
20. 8. 3% 0,70 100 | 144 100 | 100
30,850 081 100 ., 1,80 10 100

(a) Teble 5 Phenylacetic Acid
Within the next 3 to 5 minutes, the protoplasts
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edranded with great speed and they always burst upon impact
with the cell wall. Apparently, then, after 10 to 20 min-
utes the sanme damagg was achleved as occurred immediately
uton use of the 10°< HA solution,

In usinpg the Went_Avena teﬁt, no curvature was ob-
tained in agar using 10=3 and 10" phenylacetic acid solu-
tions, whereas with 10-5 to 107! solutions, negative curva-
tures appearged after 1i to 2 hours. The absence of curva-
tures at 10~2 and 10™+ may be pointed to as the results of
compensatory effects. These concentrations should have led
to a positive curvature in test plants free of growth fac-

. tors, but since the coleoptiles, themselves, contalned

growth oromoting substances, the effects could have canceled
each other out. The fact that even concentrations of 10~
and 10~/ still pgave negative angles may be explained, per-
haps, by the fact that, even though thesse concentrations
‘were inefiective during plasmolysis, their application had
the effect of summation instead of a counteracting effect.
It 1s alsoc possible, too, that the coleoptiles are more sen-
sitive to phenylacetic acid than are the Rhoeo protoplasts,
Further confirmation is given by the fact that maximum
ggozghspromotion in the Avena test was also found to occur
& 2.

. Colchicine. The effects of treatment with
colchicine resemble many of those induced by treatment with
EA. Thus the appearance of club-shaped roots has already
been known for a long time. According to Mairold (1943),
colchicine has an inhibiting effect Sn the growth of lupine
rootc in concentratiops of about 10™7 to 5 x 10-4, whlle in
greater dilution (1072} it has a growth-promotin% action.

ore important for our study, though, is the fact that Mail-
rold, in working with Allium and Spirogyra, discoversd a
shortening of plasmolysls time affer pro%Iminnry treatment
with 0.4% colchicine. Wuissend8ck (1950) noted a sharp re-
duction in plasmolysis sad deplasmolysis times In the sto-
mate mother cells of cotyledons treated by him with colchi-
cine. He attributed this effect to a decrease in viscosity.

Tbelie 8. Colabicin. (1)

w10 | e Toaee L e

34.9.49 00 § 10 | 10 1M | 18
. S Y 080 116 N 1,18 140 100
17.9.40 090 ! 1 ! 143 1.68 1,08
%640 oM ' 13 140 10 | L0

(a) Table 6 Colchicino




As 1s srown by Tgble 6, colchicine affects water per=
meability of prptOplasm Jjust as growth factors do. Concen-
trations of 10-4 ¢o 10-0 increasingly accelerate deplasmol-
ysis, while 10-3 brings about a definite inhibition and 10-7
remains without any effect whatever. Here, too, then, two
counteracting processes would seem to be present, one of
which perhaps consists in the activation of auxins. Our
findings therefore agrse quite well with the results obtain-
¢d by Malrold. Reese (1950) noted an optimum stimulation
of longitudinal growth of hyprcotyls (Lepidium, Petroselin-
un) _in a concentration of 107Y; on the contrary, colchiclne
T0-2 has an inhiblting effect, as does 103 to some extent
on these subjects. Thus far his results agree both with
those of Nalrold and our own. Unlike Malirold, though, Reese
also found that both low and high concentrations (0.01%)
stimulated root growth; nor was he able to bring about any
curvature with colchicine, neither by using the Avena test,
nor in Eellanthus seedlings. He concludes from this that
colchicine could have a final result similar to that ot
growth-promotinsg agents, but that such an effect would be
brought about in an entirely different way. According to
his results one could not aven consider the possibility of
any activation of auxins on the part of colchicine. Only
further investigations can finally declde whether his in-
terprotation is correct or not.

S. vitamin C. Raadgs (191;9)1 observed that Vita-
min C in concentrations of 10~> to 10-7 has a growth-pro—
motins effect on colsoptiles; he attributes this to its ac-
tivation of auxin. We tuated the effect which this vitamin
had on water permeability, first using a sea buckthorn berry
or sallow thorn berry (Hiprophad rhamnoides) extract, which
we cvrevared in accordance with Instructlons given by Moewus
(1949). 15 zrams of ripe berriecs were crushed with mortar
and pestle in 15 ml. of distilled water together with clean
sand, After removal by suction, 20 ml. of filtrate were
obtained, representing the starting solution. Upon dilution
in & 10:1 ratio, the concentrations shown in Table 7 were
obtalned. AsS one can seu, the extract diluted to 10™" usad
in the tests partially destroys the protoplasts (+) and par-
tially prevents a complete return from plasmolysis (-). The
protoplasts underwent marked changes. They shgwed abnormal
contours and they bshaved like those in EA 107’ when being
destroyct. The 10-2 concentration brings about a consider-
able delay in the return of the protoplaag, while deplasmol-
vsis 13, instead, pronotoﬁ by 10=3 to 10-5 concentrations,
rogghing a maximum at 10=4, The effect disappears with
10-9.
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Talbiello 7. Stranddornbeerenextralks. {2 )
104 1u 10-* 100 1 100 10-¢

2.10. 49 - 0,65 1,50 182 1,33 1,02

“(a) Table 7 Sea Buckthorn Berry Extract

Thoe high ascorbic acld content of sea buckthorn ber-
rles mokes i1t probable that ascorbic acid is the agent re-
sponsible for Lho above described effect. On the strength
of this we proceeded to work with pure vitamin C. AS a
- startlng solution we chose 0.1N ascorbic acid, since this
solution had the same pJ as the sea buckthorn berry extract.
The starting solution thus conialned a concentration of
1.76 x 10~2; the 1/10 éilution of this solution was made up
as usual, so the {irst step in dilution gave an ascorblc
acid content of about 10-3 grams per ml.

This concentration destroyed most protoplasts after
only 2 to 4 minutes; the cell sap ran out. 1072 to 10-7
concentrations promoted deﬁlasmolysés, the maximum being in
the vieinity of 10-5, and 10"V showed results sim!lar
to those observed in the controls (Table 8)., One must a-
gain assume that two effects are taking place at 10-4, one
promoting and the ogher inhibiting, which compensate each
nther, while at 10-® no effect takes place because of too
great a dilution.

Tabello §. Vitamin 0, ()

' g 10 ¥ 2 . 10~ ; 10~ i 10~
A.10.40 &+ 1,08 1,46 138 . LIS , 1,05
1210049 '+ 1,00 1,43 1,3 141 Lol
14 10. 49 + 110 1.68

1 0 L0 | 100

(a) Table 8 Vitamin C

If we compare the =sea buckthorn berry extract with
the pure vitamin C, then the extract concentrations of 10'&
and 10-5 woald corpesnond aaproximataly to vitamin C con-
csntrations of 10-5 and 10=7, respectively. The extract
therefors worxs rors weaikly thanthe vitamin concentrations
emrloyed, which i3 &lso brought out by the fact that in con-
centrations of 10-1 of the former the protoplasts are not
always deatroyed, I* 1s however also possible that the sea
buckthorn berry extract contains an additional inhibiting
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material, which appears as an antagonlst to ascorbic acid
and minimizes its deleterious effects. This would also ex-
plain the fact that 10~2 concentrations of the extract have
an inhibiting offect, which 1s absent In the pure solution.
Neither can the effect of using ascorbic acid be explained
by fluctuations in pF, because the pF changes only very
little over the range of the effective concentrations,

107% to 10-7.

Our recsults compare well with the results of Raadts
(1949), since tihe coleontlles Investizated by him were aid-
e¢ in rhatw -nmopwth by 1072 to 1071 concentratlons whrich in-
duced an .ncrease in water Intake, whereas in our tests the
effect finally dropped off. Rasdts observed a growth pro-
motional effect during only the first 2% hours. After five
nours an inhibltory effect set in which remained unchanged
for a long time thereafter.

b) C-owth Inhiblitors.

1. Coumarin, Beldstra and Havinga (1943) found
in tests carried out on cress seeds that coumarlin ls a spe-
cific growth inhibiting agent having blastocholin-type pro-
parties. Even in a concentration of 10-3 to 10-4 coumarin
rrevented thsse seads entirely from cerminating. About the
sare time Kuhn and “erchel {1943) showed that this substance
surpresses mermination of the pollen tubes of Antirrhinmum
rajus and that 1t inhibits reproduction of certaln bacteria
and yeasts. Finally, Moewus (1949) found thst coumarin al-
so inhiblts the lonzitudinal growth or elongation of cress
roots witnin the ranze of coucentrations between 10-3 and
10°% cpams per ml. With the aild of the paste method konwus
als3o demonstrated 1nh1b1t§on of oat coleopiiles; on appiy-
ing concentrations of 1077 the coleoptiles underwent posl-
tive nastic movements.

Thosc results led us to test tne effect of coumarin
on vater permeability with the aid of our method. Ve car-
ried out the tests as vefore in our ocarlier tests, 1.e., we
addcd the coumarin %to mannitol solutions in a series of dif-
fe-ent concontrations. Nothing more need be said aooub de-
havic~ of the specimens during plasmolysis since they reac-
ted in the tcst solutions 1n the same way as in the control
solutions. Upon deplasmolysis, however, a y"neral permea-
bility inhibitin action appeared as shown in Tadle §. Af-
ter S minutes the inhibition of water intake is very exten-
sive. 'ile in the control cells only half of the cells
remain plasmolyzed, 807 to 90X of those in the coumarin
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solution are still plasmolyzed. With_further passage of
time it is found that in coumarin 10-3 the great ma jority
of protoplasts still have not reached the cell wall even
after 100 minutes, so that one might well, say that perma-
nent plasmolysis had set in. Zven in 10" concentrations
it 18 a long time before all cells have been deplasmolyzed.
While all control cells have been deplasmolyzed after 37
minutes, 4O% of the ¢eils treated with coumarin still re-
main pgasmolyzed. The water intake occurs somewhat faster
in 10°° coumarin solution., As c¢can be sesn, the range of
concentrations over which water permeabllity decreases
compares approximstely with that noted by the other auth-
ors mentioned earlier in tests carried out by them.

20. 5. 49. Tabelle 9. Deplasmolyse. (- :

2 Koutcatin.s Versuch mit mmiﬂ_)
min ' 107 ! 10-¢ i 10—
51 90 % 90 i 80
) 59 88 j 82 ; 63
13 29 88 70 46
20 25 86 85 ; 31
25 22 85 85 : 26
30 10 71 45 Y1
37 0 n ., 40 i 7
40 7 15 0
45 71 8 f
70 0 :
70
100% Deplasme- : i
lyse nach/ £ 37 min — | 560 min | 40 min
Ay i

(a) Table 9 Deplasmolysis; (b) Time min. (c¢) Con=-
trols (d) Test with coumarin (e) 100% deplasmolysis after..

Fupther testswherein the Tk/Iv ration (deplasmoly-
sis time of controls divided by deplasmolysis time of test
subjects) was tested for gave the results shown, in Table
10, The delay in deplasmolysis in coumarin 103 was very
large here. Nevertheless, all of the protoplasts finally
returned to their cell walls except in the teats garried
out on 10 June. Here, too, the inhibition in 10"+ was
much more marked than in 10=> and in certain cases there
was no inhibition at all in 10~~2; it was absent in all
cases on using 10 ~° concentraions.
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Tabello 10. Cumarin, {61}

108 10~ : 10~ f 1

=)
4

21,340 02 . 080 1 081 ! 1,00
26, 3. 4 .23 : 0,466 1,00 1,00
TG 4G w10 0,53 g 0" 1,00
29, 3,40 0,33 ' 054 | 1w 1.00
30. 6. 49 : — : 0,76 ' 0,96 1,00

(a) Table 10 Coumarin

A very marked difference from HA and the other
growiih promoiing substances consists In the fact that no
reversal of effect takes place at any concentration and
that the inhibitory effect increases with increasing ccn-
centration. Coumarin therefore always carries out an in-
hibiting effact. It would seem that this substance dbrings
about an increa:c in viscosity the degree of which depends
on the concentration which, in the end, upon being too
greatly diluted, _ails to take effect., If permament plga-
rmolysis set in during the first run of tests in the 10*
soclution, this can readily be explained in the same way as
the permanent plasmolysis on the occasion of the tests im
HA 10~4%,

If coumarin inhibits elongation, then, it can be
understood that the intake of water into the cells, which
is necessary of this process, 1s inhibited. On application
to one side as in ths coleoptile experiment by Moewus, &
positive nastic movement must take place because the side
thus treated takes up less water into its cells than the
untreated side, Coumarin undoubtedly operates directly on
the protoplasm and not by way of ary deactivation of aux~
ins, It repressnts an independentl, acting antagonist as
is brought out in the compensation -csts mentioned later -
in thls paper. Upon examining the results of Mocowus one
further finds that coumarin 10=3 inhibits the «rowth of
both roots and coleoptiles. On the other hand, in the case
of auxin, it is kmown thgt concentrations which inhibit
root growth (approx. 10~° HA), promote the growth of cole-
optiles. Our observation that coumarin inhibits in all
concentrations renders the results of Moewus understandable.
If auxin were deactivated by coumarin, then one would ex-
pect to find an acceleration of root growth; the fact that
this does not ocecur is a further proof of the direct aoction
exercised by this substance.

2, Tomato Extract. According to Larsen (1939)
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tomatoss contain various germination and growth inhibiting
substances., This led us to investigate whether these sub-
stances modif'y deplasmolysis rates. Larsen had prepared
ether extracts from tomato julce, evaporating it untii
almost dry. The resulting dark-red, greasy feeling mass
was taksen up by him in lanolin and he tested this paste
on oat coleoptiles; using this he obtained positive naste
ic movements or curvatures. We needed a water solution
for our plasmolysis investigations. though. We therefore
triturcied 100 grame of ripe tomabtoss ia 50 ml, of dis-
tilled water and drew the extract off through a .uaction
f1lter 2l hours later., The filtrate thus obtained was
concentrated to 10 ml, and was used as our starting solu-
tion, The 107" dilution (Table 11) brought sbout a very
clear inhibition of water intake., With a 10-2 dilution
there was already a sharp reduction in its action since
an inhibliting act&on was observed to take place in only
cne test run; 1077 had no effect. The tomato extract
therefors contains a water permeability reducing inhibitor
which is apparently effective only in relatively high cone-
centration,

Tabelie 11, Tomatenextrakt. (2
J 10

164 | 107

4.9.49 | 033 1,00
6.9.40 | 040 | 1,00 | 1,00
7.9.40 | 050 | 1,00 | 1,00

According to Akkerman and Veldstra (1947) tomatoes
contain inhibiting ferulic and caffeic acids. We were
able to confirm this, but we discovered further non-acid
inhibitors, which, unlike ferulic and caffelc asids, in-
hibit the development of staphyloccecci,

3. g-h?drogxcoumarin. This chenmical, so kindly
mada available to us by Heidelbery, works as an inhibitor
in the cress root test according to Moewus (1949). Our
starting so}ution made with warm water represented a dilu-
tion of 1077, This concentration completely inhibits de-
plasmolysis (perﬁanent plgsmolysia) or destroys the proto-
plasts, The 10=4 and 1077 dilutions slow down the water
intake with decrgasing effectiveness and the effect dis-
appears with 10°° (Table 12). The inhibiting effect of
this substance during the cress root test takes place over
the same range of concentrations according to Moewus,
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Tabelle 12, Bcnzlctromfiuw.{ i)

2

104

10~

i

10~

{

23, 1L + 0,40 080 | 1,00
25, 11,40 - 0,33 0,70 I 0,90
Z4.iL 40 0.3% 071 ' e8¢

(a) Table 12 L-hydroxycoumarin

4. Perulic Acid. We also obtained the f erulic
acid from Heidelberge. 1t is found in Ferula Asafeetida
and in various conifers, as well as in other substances.
e prepared a 102 starting solution by warming it in
w.ber., This concentration (TablF 13) shows & very power-
ful inhibiting effect, while 10-% has & weaksr, inhibiting
offects The effect disappsars at 10-5 and 10", Ferulic
acid therefore demonstrates itself to be a typical in-
hibiter in deplasmolysis tests.

Tabelle 13, Ferulaa&ure.(& )
10 : 10-¢ ! 10, » 10-*

20, 1., 10 0.. Lo08e | 160 1,00

250t an 050 016 1 i 100

25,1449 o w(?.jn . 0,77 : st 1,00 |
(a) Table 13 Ferulic Acid -

5, Parasorbic acid., Parasorbic acid is taken

from rowanberries and has an inhibiting affect on the ger-
mination of the seeds. In addition it also inhibits elon-

gation or longitudinal growth. Applied as a paste in a
3

concentration of 10~
in ocat coleoptiles according to Moewus (1949).

To prepare a stock solution, one par} parasorbic

acid was dissolved in 10 parts water (= 10°+). We obtaine-

ed the acid through the kindness of Dr. Moewus from the
chemical stock of the Max Planck Institute for Medical

it induces positive nastic movements

Research in Heidelberg and we wish again at this point to

express our sincere thanks to him for his assistance.

As can be seen from Table 1, parasorbic acid also

works as a typical inhibiting
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agent ir deplasmolysis tests,
In concentrations of 10-2 it destroys the protoplasts even
during plasmolysis after 20 to 25 minutes. First of all
small bubbles formed on the sharply contoured protoplast
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edge ( Fig. 2, 2). After 20 to 25 minutes have elapsed {

ths protoplast suddenly bursts. In order to carry out |

studies of deplasmolysis, then, the leaf cuttings had first i
to be plasmolyzed without the addition of any parasortic

acid. On transferring such leaf sections into the deplas-

rolysis medium containing 107¢ parasorbic acid, the proto-

plasts burst in any case after from 1 to 10 minutes.

Tabelle 14, Parasorbinsiure. ,{'}'1)

10~ : 10-* : 10-¢ i 10-*

P " \

L4 +. 02 075 ¢ 1,00
ML + 031 . 018 . 098

17, 11. 49 + 0,31 0,76 0,99

(a) Table 1l Parasorbic Acid

This destruction was investigated in detail in Alli-
um and Rhoeo cells and was drawn (Fig. 1, 2 and 2, 2).
Both subjects begin to gather the bubbles mentioned above
along the edge of the protoplast 2 to 3 minutes after the
start of deplasmolysis. Compared with the small, round
microsomes visible during normal deplasmolysis, these are
very much enlarged, increased in number angd flattened in
shape., The formation of caps noted im 10=3 HA with Allium
is entirely absent. In both subjects the bursting takes
place at a limited site of the protoplast, in that an opene
ing appears at the vertex of the protoplasm swelling where
the cell sap runs out; the tonoplast then slowly collapses
upon itself. The process of destruction is thus entirely
different from that undergone in HA, One gains the in~
pression that all in all we are not dealing here with any
dissolution of the protoplasm as occurs in HA, but rather
with an increase in viscosity which greatly decreases the
elastic flexi%ility of the protoplasm membrane, As already
mentioned, the destruction occurs much more rapidly during
deplasmolysis than during plasmolysis., This can readily
be explained by the fact that entering water increases the
tension of the protoplasts, while the removal of water ine
to the plasmolysis medium decreases the tension.

The 10~3 and 10~k concentiations have a very power=
ful inhibiting action, while 10~° remains almost without
aﬁy effect at all. These results corrsspond well with
those obtained by Moewus (1949) on the effect of parasor=
bic acid on the growth of cress roots., There, too, with
the 107 _concentration the effect disappears: om the other
hand 102 brings about a complete inhibition of growth,

wdbe=




Further tests were carried out with mountain ash
berry extract. This extract was prepared in the same way
as the sea buckthorn extract and gave the results shown in
Table 15,

Tabelle 15. Ebereschenextralt, ) ‘

'l 107 : 107 ' 10~ 10-¢

27, 0.49 - 0,61 : 0,72

; 1,00
30, 9.49 - 0,63 | 0,70 1,00
1. 10. 49 0,62 . 0,71 l 1,00

(2) Table 15 Mountain Ash Berry Extract

In éilutions of 1071 we obtained in all cases per-
manent plasmolysis, but never destruction of the proto-
plasm., Presumably here, too, additlonal substances pre-
sent in the extract work in antagonism and hence protect
the protoplasts as in the case of the sea buckthorn ex-
tract. In comparing Table 14 with Table 15, one should
note the {act that in the former the concentrations are
given in grams per milliliter, while the figures in the
latter represent only the dilutioirz of the juices; the
figures, therefors, cannot be used for direct comparisons.
¢ 6, Ethylenc, As is known from numarous inves=
tigations, ethylenc exercises highly diversified effects
on the growth and developmcnt of plants., Investigations
of germination and gemmation (seeds, leaf buds, potatoes,
etc:) with ethylene were observed producing for the most
part a growth stimulating effect, but under certain cire
cumstances, an inhibiting effect was produced, depending
on concentration and duration of action, Elongation on
the other hand was always more or less inhibited, but the
degroe of inhibition depended less on the dosage of ethy-
lene applied than on the plant's sensitivity to this sub-
stanco. Thus, for example, the budding shoots of legumens
énd crucifers are very powerfully inhibited, while Hellan-
thus hypocotyls are less inhibited and coleoptiles least
of all. Ethylene's effect is undoubtedly the result of a
complex process also becauso among other things it very
powerfully affects respiration., Von Guttenberg and Steine
metz (1947) recently found that ethylene deactivates auxin
(but not Li), since it dbrings about an irreversible block-
ing of this substance, Earlier Von Guttenbsrg had expres-
sed the opinion (1936) that even the suppression of geo-
tropiam ococurring in the so-salled horigontal nutation de-~
pends on a loss of auxin, The striking thickening of the
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bud aprouts wo..3 be explained if one assumed that inhibite
ors bonded lccally up to that time would be liberated by
increased per—eshility. In fact, the amount of inhibitors
contained in those sprouts whichmact sensitively to ethy-
lene (for example legumens)is gresas, while it is very small
in the coleoptiles whichmeact hardly at all, while in Heli-
anthus it is intermediate in amount, It seemed to us

an Investigation of the question of water permeability
might aid in further clarifying the question of the effect
of ethylene,

The starting solution was prepared in accordance
with Ruge's instructions (1947) as follows: Coal gas
containing 3thylene vas slowly fed through 100 ml., of tap
water at 17%C, for 30 minutes. This solution was consid-
ered as being saturated and accordingly it contained
0.0158 grams of ethylene according, to Landolt-BBrnstein.,
Concentrations of from 10=1 to 10°° were then prepared by
Ifjarther dilutions. According to Ruge, ethylene is the one-
1y physiologically sctive component of coal gas. The cone
centrations shou.. in Table 16 are those corresponding dire
ectly with those of Ruge. In reality our 10™* solutio
corresponds to an absoluts concentration of 1,58 x 10”
grams per milliliter.

Tabello 18. dthylen. o }
107 . 10

1070 e 10

1

H l

s.xo.mg 1,50 i 1,87 i
|

34 | ozes | 100
10.1,40 | 166 ! 188 5 0 2 110
11.10.49 13 ! 24 . 32 ¢ 205 | 10

(a) Table 16 Ethylene

As 13 shown in Table 16, ethylene has the effect of
increasing permeability in all the concentrations teated,
with imum :ﬁfeotivoneas occurring in the neighbornood
of 10°2 to 10"+, Only on reaching a concentration of 10-5
{= 10-9 grans per millilitor) does tho offect disappear.
It ia important that 10°+ also atill favors the intake of
water and that at no place coes any reversal into an actual
"inhibition take place. 7The fact that ruge observed an ac-
celeration of germination at this cencentration, even if
only slight, agrees well with gur findings. In his tests
the concentrations between 10°2 and 10"6 causod a ocnsider-
atle increase in speed of germinati>n, dbut had less effect
on increasing the power to gsrminace. He, therefore, looks
on ethylene not so muck as a germination inducing nggnt as
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a germinetion accelerating agent. We now presume that the
acceleration which was observed was brought about by an ine
crease¢ in water permuability.

Since we also werc unable to bring about any inhibi-
tion using sthylene saturated water, we tested to see whe~
ther it would occur if one prolonzed the duration of the
sffect. e therofore laft leaf cuttirgs in ethylene satu-
rated water for up to 70 hours, Subsequent plasmolysis and
deplacnolysis though resulted in a deplasmolysis time which
was still always shorter than that of the controls. Ethy-
lcne's effect on protoplasm is therefore undoubtedly the
result of an entirely specific activity. Omne can hardly
conceive here of any liberation of auxin as we had assumed
for E.; etnylene rather blocks auxin as stated above and
inhibits growth. The increase in permeability mentioned
here could, howsver, lead to an unregulated dissemination
of inhibitors and in this way bring about the striking
growth inhibition., Tests are underway to clarify this
question,

Our ethylene experiments are also of interest be-
cause of the fact that they teach that not every increase
in permeability is neccuscarily responded to by an accelere
ation of growth., This corroborates the assumption that ale
80 in the case of growth promoting substances the increass
in water permesadbility is not the only observadle effect,
but instead only the first of these, in the process of el-
ongation. The correctness of this point of view 1s also
supported by the combined experiment using ethylene + HA,
whick will be deult with further on.

c) Otner 2iocatalvzers

Invea.igations were made on other biocatalyzers due
to their genseral, overall importsnce, specifically, peni-
0illin and the weed-killer or herbicide, 2, L-dichlorphen-
oxyacetic acid, to determine their effect on protoplams
permeability.

1., Penicillin. Penicillin, in its calcium salt
form was dissolved in water to give a solution containing
50,900 unisg per ml, None of the dilutions tested from
10"+ to 10°C showed any effect on deplasmolysis time. Thus
penicillin does not affect the water intake of the proto-

- plasts. The mechanism of action of this substance must
then be of & kind entirely different from any of the hither-
to desoribed materials., OCrowth inhidbition produced in corn
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roots by Bein, Signer and Schopfer (1947) using penicillin
was not attributed by the authors to the penicillin, but
rather to HA, which accompanied the penicillin as a meta-
bolic end product of the fungus.

2, 2. li-dichlorphenoxyacetic Acid Sodium Salt.
The startiny solution containing 10=J5 was prepared by
warming sodium 2, lL-dichlorphenoxyacetate in distilled wa-
- ter. The low water-solubllity of the substance did not
permit us to prepare any higher concentrations. It showed
no effect on the deplasmolysis of Rhoeo protgplasts over
the range of concentrations from 103 to 10-°, Since the
destructive effects of the sodium salt of 2, L-dichlorphen-
oxacetic acid were particularly noted occurring with cru-
cifer weeds, while monocotyledons remained more or less
spared, it could be thought that Rhoeo did not repressnt
a sultable subject for carrying out the tests, We there-
fore used opldermal tissues from red cabbage for further
tests as they can readily be used for daplasmolysis exper-
iments., The results were again negative, though, and we
noted only & change in color of the red cabbage cuttings
from red-blue to blue-violet. According to the results of
foreign investigators, which were only available in book
reviews, the sodium salt of 2, L-dichlorphenoxyacetic acid
carries out its effect inside the cells, for example, by
mobllizing cerbohydrates or in nitrogen metabolism. These
effects coule be independent of permeadbility. Also the
sodium salts of 2, li, S-trichlorphenoxyacetic and skatosule
fonic acids showed themselves to be lneffective in our
tests,

d) Potessium and Catclunm

To furthar syplament our investigations, we also
‘studied ths effect of ona monovalent and one bivalent oca-
tion on the water-permeability of our tsst subject, This
was done in particular becsuse we wishad to utilize ocations
as antagoniats to various active agents, Starting solu-
tions used were N KC1 and N CaCls, both of which were then
diluted in 1:10 steps. A 10~+ solution therefore corres-
ponded to a 0.1 N solution,

Calcium (Table 17) demonstrated ths expected inhibie
tory action oniy in concentrations of 10-< and 10=2, the
offect being only weakly amplified in the second case. At

a concentration of 107+ a reversal takes, place in that there
is & weak, dut distinct stimulation° 10™" was ocomparable
with the results in the controls.
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Tabelle 17, Caleinmehlorid, " 1
1o 14-s 10 : 18-

=]
-

Ut Ne il : L1+ 0,08 0,80 1,00
Lo 4o 1,14 0,83 0.5 1,00
300,44 1,21 0,83 0,71 1,00
6, 0,44 1,12 0,51 V69 1,00

1,00

5 9,49 . 1,03 0,90 0,80

{(2) Table 17 Celcium Chloride

) Using potassium (Table 18), gne observes an acceler-
a%lon of the water intake from 10~ up to 10 ere it
reacktes a peak, suddenly ceasing altogether at 10 . With
potascium no reversal of effect takes place in stronger
concentrations.

Tabelle 18. Kaliumehlorid,,.” )
107+ 10 HE Tae 1ot Tu-e 10-

IR 1,00 1,00 311 .03 . Y 1,06
11, 444 00 ' L LI il 25 LeB 1.00
AT L L L1000 1 MBS LSS L
3w L0 L0 . Ll L1l 142 066 L s
W 1,00 100 L2 L3 L 1,06

Cone

(a) Table 18 Potassium Chloride

o results of our tests agroe well in principle
with tho.o obtained by De Haan (1935). No direct compari-
son can be made because De Haan worked with calcium and
potassium nitrates instead of c¢hlorides, since he also
used Allium Cepa as his tesS subject and sugar-cane as his
plasmoiy;is megfum. 3 inhibition which he found induced
by Ca** ions in the 10 concentration was somewhat leas
than ours, while his &t ions already carried out a promote
ing action in concentrations of 10°%. De Haan also men-
tions the fact that in certain conditions the salt concene
tration can be determining factor as to whother the solu-
tion will have a swelling or a shrinking effect. We then
investizated whether pota:sium's permeability heightening
effect would lead to curvatures or naatic movements in
Jent's Avena test. In reality, oat coleoptiles were ob-

ed un ergoing negative nastlic movaments when we used
10 and 10°° EC1 4in agar; in the latter of the two cases
the offect was larger, which agre_é with the results of
our deplasmolysis tests, With 10-° the curvature started
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to take place after an hour, wnile with 10'S it did not
become apparent until alter two hzours had passed.

The fact thet elkali salts can »romote growth on
one hand w«nd inhibit it cn the other hond has already been
demonstrated by Borris (1937, 1939). S»erzula arvensis
and Silene coeli-rosa hypocotyls undervent in some cases
more than 100, growth accelsration in :i and Na salt solu-
tions, while CaClp inhibited elongation,

e) Tests Using Varicus Acents i1 Combination

The following porticn of this paper reports the
results of experiments carplad out with various agents in
combination. As we already noted, ther were carried out
in the hope that the results would hslp give a clearer in-
sight into the mechanism of action of the various substan-
ca8,

3

1. Potas:lum + Calcium, First of all we tested
KCl and CaClp individual.iy again in order to obtain egaot-
ly comparable rigures. KCl in a concentration of 10
again promoted maximun water intake with the quotients
D = 1.85; CaCl, in a concentration of 10-3 gave the most
powerful 1nhib§tory effect with D = 0,50, We then mixed
equal quantities of these two solutions and added the mix-
ture to the mannitol solutions.

according to the individual results, one would have
expectod that there would stili have baen an inhibition;
this wouid follow because the Ca had inhibited considerad-
ly more than K had promoted. If we seloct as an example a
deplaznoiysis time for the controls of 20 minutes, then
this time would have boen 12 minutes for K (20:12=1,66),
and for Ca 40 minutes (20:0=0,5), In the first ca:d an
accelaration of § minutes occurred and in the second a
delay of 20 minutes. Thus on being mixed together a delay
of 12 minsuves would result, wheroas (Teble 19) complete
compensation took place instead., This is all ths more
striking since the X was administered in ~ much more dilu=
ted form thiax the Ca, This predozminance of the promoting
effect wiil be further dealt with and considered more in
detall I connestion with other tests of various agents in
condination,
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Tabele 1. KCLI0 ¢ 4= CaCll1073.:.7)

KCL10™ © CaCl10* | KCI 10-* + CaCl, 10~*
L1049 460 L 0,30 ! 1,00 I
3,10, 40 : 1,60 ; 0,52 | 1,00 ‘ : :
G.10. 49 1,60 . 0,47 by 1,14
7.10.49 1,71 : 0,52. 1,03

(¢) Tabils 19 KCI 1070 + caCl, 1073

Theo physiological antagonism between the ions of

«Zkeli salts and alkaline sarth salts has been extensive-
iy investigated in model tests (HBber 192l and accompany-
ing bi ollography) Here, too, it was found that the effects
of salts in tests on mixtures did not simply add to:one
nother, but that rather specific and different concentra-
t=ons of both substances cancel each other out in their

e foz tivuness, for example, in the swelling of gelatin or

on tre surlace tension of lacithin sols.

2. Potassium + Heteroauxin., We again tested
oth subscances igdividually and obtained a quotient
= 1,76 with 10-° HCl., We used heteroauxiﬁ as an antago-
nist in the inhibiting concentration of 10°%, which at this
time of year, in October, does not destroy protoplasts, but
zives an average inhibition of 0.57. Here, too, then, ine-
’ib’ ction was considerably more powerful than growth promo=-
vion, On applying them simultaneously, extensive compen-
sation tock place; the average guotient was 1.12 (Table 20).
The p“omotional effuct of potassium therefore counteracted
the more poweriul inhibiting effect of HA more than was to
be expected.

t’J“

Tabelle 20. KCl 10~¢ und Iz'c:croauxin 10".( { (')

i KCl10=* | HL.A.10"¢ | KCl 10-¢ + H.A. 10~
B |- ‘
15.10.40 1. L0 e | 1,20
18.10.46 1+ 2,00 | 1,00
19.10,40 .75 ' 1,10
|

21.10.40 5 1,60 ,5 | 118

(a) Tabls 20 KC1 10-6 and Heteroauxin 10~U

In principle, this is the same result as we experli-
enced with the K + Ca combination. In the absence of more
detalled knowledge of the s tructure of the protoplasm, it
1s impossible to give any certain explanation of the -.: -
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phenomenon., o weould lilic to add tc our observations

those of Gelzor-Suttor (1943) and Sutter (1944) mentioned
previously, zccording to which the HA in greatly diluted
solutlions fornas a bond at some specific reaction site in
the protoplasm and only then does 1t operate to promote
water intake., We have in addition assumed, though, that
free HA has a harmful effoct so that thoe protoplasm's per-
meability is forfeited. Ir thils free HA and the K were to
carry out the actions at different sites, then one could
expect & simnls summation of the effects to take placs;
then HA a2t its sites would further inhibit, and in the same
way K at its sites would further promote water intake.

But since no swmation occurs, but rather the X almost
compensates for the inhibiting effect of the HA, one meay
assumne that they both operate at the same slte and mutuale-
ly influence one another in thelr operation. One may well
conclude from the overall results that applications of
potassium counteract the harmful effects of high concentra-
tions of HA.

3. Counarin + Heteroauxin, 207 HA gave a very.
moderate acceleration D = 1,25 (Table 21) in the individual
tests, with only one exception. The tests were carried
out in March, so the low figure, is presumably conditioned
by the season of the yoear., lO'h coumarin, on the other
hand, gave the particularly strong inhibition of D = O.lulh.
The fact that in combination the inhibiting effect should
predominate should be less of a surprise, then, than the
fact that it predominated so little. Hers again, then, we
find that the promoting effect gets the better of the in- -
hibiting effect., On the whole, then, one finds as a re-
sult of the tests that coumarin and HA act as antagcnists
end one can azain assume that they do not carry out their
actions independently of one another at different sites,
but that they operate at the same site,

d

Talwlle 21, Cumarin 10 und Heteroauxin 10"7{";’- )

ILA 1077 Cim. 1074 | Cum, 1074 4 ILAL 1077

0,42 : 0,90

22, 3. 49 1,28
27.3.40 1,25 0,50 1,00
23, 3. 49 1,75 0,40 | 0,90
29. 3. 49 1,25

0,44 0,80

(a) Table 21 Coumarin 10~ and Hoteroauxin 10-7

Moewus (1949) also discovercd an antagonism between
HA and coumarin in the cress root test. He first investi-
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gated tre root growth 1ln separate seolutions and then in
combined solutions ané compared the results with the growth
of conirals iz nurs water. His test runs_on 8 May 1947,
ror exixzole, show that coumarin 0,5 x 107 -5 (inhivition -
20%) so-siman itk Ea 0.5 2 1079 (promotion + 3%) mixed

tobctze- zave & Jrowih (Tivision of -195. This resuit
most corrsstonds to 1Al one would have calculated, Yo
suc“ Simplic swmsbion cocurs i Wiy of our investigations,
as alncndy mentionad, Sue Vo the coumplste difference in
met“"s, tris differcnce in results should e no surprise.
Ve Cc tad only the primar cffect of the blocatalyzers on
iselzted cslls, while Moswue studisd the growth process of

io Coumarin + ivenc Crowth Srsi~», For this
cxperiment wo used The SLI.LLeT Laserioca o;c-coleoptile
extrocc; che degreas or dllutlion should 2iso be understood
la the s.one wey as in the earlisr Avena tests, We tested
Two cenaeniratiocas, namely, 10°7 having zn offect D = 1,15
and 207° itk D = 1,0L7. Tao cowiarin solution zave an ine
hibitics of D = 0.58; the latter was thus con51derably
mors powerful than the forier.

Tae conbin a ion of coumirin with the legs powerful=-
iy ¢lective 10=7 concenioction (Tapie 22) resuluod, ac-
cordingly, in a distinct izmalbition. Ac azainst this we
found that on combining fthe counarin witi 10°° extract
this wzs no longer the casze; rather & complete componsae-
tory astlon Soc vlacc, Wo thorv;o e a;a*n find inat there
is no simple zummation of the ¢ifect, but that rather the
growth-promoving subestanes preovails. Taus that which we
had carried out eariler wzs valid herc, too.

Tubelle 22, Avena-NWucksstoff (A ) 1077, 1073 - Cumarin 10"“.-"':‘}

A107 L AL10T Cun. 107 8L 1077 - Cum. 1074, AL 107 + Cuin, 1074

o8, Loau 1,11 182 0,35 0,77 1,02°
Shodcon 1,20 1,56 1,50 0,77 1,00
12,50 1,43 0,04 1,03

{a) Tcble 22 Avena Growth Factor (4) 10-7, 10-8 +
Coumarin 10%W

5. Ethvlene + E terocuxnin, on an earlier inves=-
ation Guttenberg and btelnmotz, 19h7), we found that
gyleha deactivates the plant's own auxin by a kind of
blockinb offect, while heterocauxixs or Hi remains unaffected
by it. It was therefors considersd to ba of interest to
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combine these two substancss and test them; In so doing EA
was tested once_in the 1C™% inhibiting conecentration and
once In the 10~/ promoting concentration, Our earlier re-
sults enabled us to conclude that the inhibition occurring
in higher concentrztions is a purely HA effect, but that .
the promoti-nal eflcct is attridbutable to activated auxin;
if the auxin is blocked by ethylene, then its effect will
be absent,

We therefcrs first combinsd 10-3 sthylene having the
powerful »nrcmotional effsct 2.20 with 10~4 HA, having a
Tit/Tv ratic of U.57 and, therslors, hizhly inhibitewe

Table 23). Tne figure obteined by mixiiz Trem was 1.10;
this weak promotion corresponds approxirately to the rela-
tionshlp betusen tha ellocts of the subsiences which were
used. Ethyleno thercby completely overcomes the inhibition
brought ebout by 10-4 Zi., Here, then, i: = case in which
one can assume that eecnh ol the two substances carries ocut
its function at a different site or works in an entirely
different manner; in such a case, then, as previously men-

tionied, onse would expect & simpls summation of the effects.

Tabelle 23. Athulen 1073 < Ieieroauzin 1075, /H /

ALy ? IR IOTY AL 107 o ILAL 10

: i
12.10. 48 2,20 0,57 . 1,10

'(a) Table 23 Ethylene 10-3 + Heteroauxin 10~L

We then combined the promoting HA concentration,
3;‘7, which geve a quotient ¢f 1,91 in this case with 10-3
ethylene, whose quotient wa. 2.17. A summation of both
these eff'ects would have brought about an extraoridnary
acceleration of the water intake. In rozlity, though, it
proved considerably less, relativoly, being 2.62 (Table 2l).
This 1s in complete agreecment with our interpretation that
the promoting action of E4 depends on zuxin activation.
Such an activation could only have partizlly taken place,
here, since, as pointed out above, the auxin is largely
deactivated by ethylens,

——iem - e —

Tabelie 24, Athylew 1073 4 Helerounain 107, (d)

! A10¢ H.AL1070 | AL207% 4+ ILAL 107

19.10.40 | 217 0 2,62

(a) Table 24 Ethylens 10=3 + Hetercauxin 10~7
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Borris (L6L5) applied KC1 in a 0.02 mol solution to
Aorostemma Cith.7o germ buds in a culture substrate and
gubjac;ed thon cimaltencously to an ethylens atmosphere,
fhe irliibition in hypocotyl zrowth induced by the ethylene
was groatly reduced by the e¢ffect of the potassium, There
was poweriul relative promotion of growth, which actually
remaincc .cess than the absciute amount of growth in plants
not suojeect to the gas wnen potassium is added. From this
one can also conclude that the elfests of ethylene and po-
tassiwm are of cntirely different naturss. To this extent
the tests in ccowbination also correspond ©o the behavior
coserved in plusmolysis tests when HA is addsd to solutions
¢l etinylene in water. Borris also studied the behavior
cf hygocotyls in ethylene after the cotyledons had been
removed, In this case the inhibiting effect of the gas
wis sharo.y reduced, Entirely similar resulits were obtaine-
¢2 by Borgstrbm (1939) with other dicohyledonous germ buds,
This behavior would in our cpinion be explzainablerin the
" »1llowing manner: The cotyledons supply both growthe-pro-
woting ocnd growth-inhibiting suvstances. Ethylene decreas-
¢s the effect of the former, while the latter remain unaf-
Tected, They therefore I'low throughout the entire plant
and into the hysocotyl from the cotyledons, while if the
- cotyledons are removed they will be absent.

SUMMARY OF RZSULTS

The taslt ¢f the investigation was to study the ef-
fects which various blocatalyzers have on the water perme-
atility of protoplasm, Violet epidermal cells from the
underleal of Rhoco were used as the subjects of our experi-
ments, The accoierabtion or inhibition of water intake was
msasured with the ald of the deplasmolysis. time method. We
used mannitol ac a plasmolysis medium, as the protoplasts
cra impermecztle to this substance. In most cases a 0.3
molar solution was used for plasmolysis and a2 0.2 molar
solution for deplasmolysis. The various active substances
tc be tested were added to these solutlons; their:osmotic
presiures were unaffected, since the concentrations of bio-
catalyzers added were so small, A paper to follow will
show that all effects observed were due not to any.changes
in pH, but were, instead, of a specific nature,

~ Pirst of all substances which promote longitudinal
growth or elongation were tested, abcve all heterocesuxin, .
oat coleoptile axtract and vhenylacetic acid, as well gs
colchicine and vitamin C. HA in concentrations of 1072 to -
<
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10-7 shortens the d;plaamolyaia time with increased dilu-
tion so that at 10-( the deplasmolysis occurs in only about
half the time as in controls, Over this range of concen-
trations, then, HA increases water pespoability. A sudden
reversal of effect takes place at 104 and a very powerful
inhibition cccurs, which is shown by a prolongation of de-
plasmolysis time to about twice that of controls (Fig. 3).
Many eells now show permanent plasmsolysis as a result of
damage, vhile others are destroyed, This destruction,
which consists in a diasclution of the _protoplasts, always
takes place with concentrations of 103 HA, :
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- (a) Pig. 3 - Curves showing the effects of HA in
different concentrations; data ro?resontc deplasmolysis

times using the Kacsmarek method (Figures in left-hand
" column represent pereentages).

The following hypothesis was eastablished as a gener-
al explanation of the overall bshavicr, Free HA increas-
es vigcosity, iphibits the intake of water and in concen-
trations of 10°J destroys the protoplaam. On the other
hand, bonded HA increases permeability to water either be-
"cause it liberates auxin by displacing it, or because it
turns 1tself into auxin, Both processes overlap one anoth-
or, In concentrations of 10% the effect of the auxin is
Moo entirely overlapped bg the powerful inhibiting action of .
. the free HA, The 10”2 consentration shows a slightly pro-
. mot offect, which depends on the fact that the inhibi-
tion by HA 1s lhargl, reluced, In concentrations of 10-6
and parsicularly 107 the porn.nbilipy-hpightoninc offect
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predominates and the inhibition disappers.

Oat coleoptile extract promotes water 1nta§s in
concentrations which are comparable to the HA 10~2 to 10~7
concentrations, :
Phenylacetic acid increases water permeability less
than. the above two mentioned growth factorg; its optimun
effectiveness 1s in the neighborhood of 10=2, As in the
case of HA, there 1s a reversal in the substance's actio
at 10-3, where it has an inhibitory effect, while at 10-
it iias no effect at all, Thus the explanation given for
HA may also be valid here, too, Colchicin behaves simi-
larly. It promotes the maximum water intake in a concen-
tration of 10°°, while in 10°° a powerful inhibition sets
in, Ascorbic acid alao acts 1? the samg way., Its maximum
promoting effect i1ies near 10-2; in 10-Jthe protoplasm is
destroyed. The grawth promoting effect disappears both
at 10-4 and at 10°Y, We were unadble to discover any in-
hibitory action in the pure acid, but we did find such ac-
tion present in sea buckthorn berry extract 10-2, which
behaves similarly otherwise,

It 1s common to all growth factors that they in-
crease water permeability in specific dilutions (Fig. L).
With the exception of auxins taken directly from plant tis-
suss (oat coleoptiles), the growth promoting effect is re-
versed at a certain, specific higher concentration - water
permeability suddenly drops off sharply. This corroborates
the fact that the explanation given above for HA 1s valid
for all of these substances, namely, that they inhibit theme
selves, but to the extent that they form bonds with the
protoplasm, they promote water intake, perhaps by displac-
ing auxin, It must at least hold true that here two counte
eracting processes overlap one another, No inhibiting ef-
fect 1is ever noted to occur when using Avena extract, but
that sould be attributable to the fact That it 1is unfortu-
nately impossible to use higher econcentrations,
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Abb. 4. Wirkuicakurven wachstumetor-
derader Stoffo von verschiedonor Konsen.
tration; :rmittelt nach der Mothode

vo:: e Haaxw, «

(a) Pig. } - Growth curves of growth factors in
varying soncentrations; data taken using the De Haan method;
{b) Sea buckthorn berry extract; (¢) Colchicine; (d) Phen-
ylacetic acid; (e) Heteroauxin; (f) Concentration;

Among typical inhibitors, above all coumarin, para-
sorbic acid and tomato extract, along with li-hydroxycouma-
rin and ferulic acid were tested. Coumarin carries out a
clear inhibitory action againgt water gptako in the range
of concentrations between 10-J and 10-°> (Fig, 5). Th
maximum effect ocours in the vieinity of 10-3; this concen~
tration sometimes leads to permansnt plasmolysis. At no
concentration does any reversal of action to a growth-pro-
moting effect take place. Parasorbic acid behaves similar-
ly. e greatest inhibition yas observed at 10-°, while
the effect disappeared at 102, In concentrations of 10-2
the protoplasts are destroyed. The destruction though,
takes place entirely differently than with HA, While with
HA the protoplaste disaolve and run out, with parasorbic
acid, they dburst, instead. In strong concontrntionﬂ tomato
extrast powerfully inhibits water intake, as do 10°4 4-hy-
droxycoumarin and 10°7 ferulic acid, ‘
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Abb, 8. Wirkungskurvon von Cumarin verschiodener |
K tration; ormittolt aus don Plasmolyssseiten '
nach dor Mothode von KACIMAREK. L

(a) Pig. S5 - Curves showing effects of coumarin in
different concentrations; data reprasents deplasmclysis
times using the Kacsmarek method; (b) Percentage of cells
remaining plasmolysed; (o) Controls.

Common to all these inhibitors is the fact that they

decrease water permeability (Pig. 6). Unlike the above
mentioned growth factors, they never undergo any reversal
of their action, 1.e., they do not promote water intske in
any concentration, Thay rather continue to increase in in-
hibitory power with incresase in concentrstion until they
reach 8 certain maximum, Ethylene 1s & special case since
it very powerfully inhibits elongation, but increases water
permeability, 1Its greatest promotion of watgr parmegbility
lies in the rang, of concentrations from 1077 to 10V, with
& maximum at 10=/, There is no concentration of ethylene
at which any deorease in water permeadility occourz. MWe
found in earlier investigations that ethylsne partially de-
activates auxin. I: is no wonder, then, that nc growth oc-
curs in spite of the observed increase in permeability,
The inhibition of growth together with thickening of the
organs presumably depend on the fact that inhibitors are
diffused throughout as & result of the inorease in permea-
b;lity. there being no antagonist aveiladble to counteract
thenm, , '
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(d) Kovse drale m(‘)

Abb. 8. \Hrkm rakurvon wachstums-

hemmendor &tof{f: von verschiodener

Konsentration; crmittolt nach der
Moulodu vou pk Haax, ‘

(a) Pig. 6 - Curves showing effecta of growth inhi-
bitors in different concentrations; data taken using the
De Haan method; (b) Ferulic acid; ta) Coumarin; (d) L-hy-
droxyoovmarin; (e) Parasorbic acid; (f) Concentration.

Penicillin and 2, l-dichlorphenoxyacetic acid have
no effect on water permeability.

Potassi ohlorid was found to increase permeabili-
t: between 10’ and 10' the igcronso boooming greater
as concentration dimlninhod' 10°< and 10-7 took no effect.
With *he use of CaClp, complicntod _glutionah ps were pre-
sent, since 4in conoontrttiona of 10« and 10°7 the permea-
bility docroalo with only a slight increcse in concentra-

tion, uhilo_ﬁﬂ‘ promctes water intake; the effect disap-
pears at 10

Tests ocarried out using various agents in combina-
tion gave the following results: On mixing KCl and CaCly
in the most promoting and most inhibiting concentrations,
respectively, their effects were practically cancelled out.
Since the Ca had a stronger inhibiting effoot when tested
separately than the promoting effect of K, the permeabili-
ty promoting effect gave evidence of prodominating. Also
when one combines promoting KC1 with inhibiting 10U HA
concentration, no simple summation takes place, bub, in-
stead, the promoting action takes a more powerful effect
than one would expest on the basis of calculations. The
sane is true for comdbinations of inhibiting coumarin and
promoting HA or auxin. The simultaneocusly applied substan-
ces work as sntagonists, it is true, but the promoting sub-
stance shows clear dominance, GConsequently one comes to
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the opinion that both substances exert thelr action at the
same gite and interfere with one another's mode of action
at that point, Simple summation of the effects would

speak in behalf of different sites of action for the dif-
ferent substances, as in such a case the separate prbdcesses
could run their course without interfering with one another,
This avpears to be true only of ethylene when one combines
this powerful Eermoability promoting substance with the
inhibiting 10-4 HA concentration. In this case there 1sa

a pure summation and a cancelling out of both effects,

This will be understandable if one assumes that ethylene

on being uninhibited, continues to promote and that HA also
when not counteracted contiiiues to inhibit, _If, instead,
one combines ethylene with thne promoting 10-7 HA, no fur-
ther pure summation takes place, but instead there is only
a slightly 1ncroase? total promotion. This would favor the
assumption that 10/ HA's action consists in an activation
of auxin, When the experiments are carried out using sudb-
stances in combination this cannot be brought out because
ethylene at least partially blocks the freed auxin. It
must therefore be emphasized that with our limited knowledge
of protoplasm structure, one must exerocise tho greateat
caution in attempting to explain the results of such com-
bined experiments, The opinions expressed herein in this
regard, therefore, must be taken as having value only as
speculation,

On the whole it was proven that when applied in phy-
siologi cally effective concentrations growth factors in-
crease the water permeability of protoplasm and growth ln-
hibItors decrease its water pormeaﬁ!]!gx. The rupld and
ITberal water Intake ol cells durlng elongation is made
possible directly by the growth factors while growth inhi-
bitors act as antagonists and have a powerful draking ac-
tion on water intake, The rapid initiation of this effect
is clear evidence that it 1s a primary effect of said
growth factors and inhiditors, which iﬁua act first of all
as regulators of water permeability. It is clear that even
knowing this, the specific ellect which auxin has on the
cell membrane during the changes which follow still remains
unexplained. ,We neverthsless look upon this as an advance-
rent of know e to have shown that these various sudbstan-
ces operate fundamentally on the protopiasm and not on the
cell wall. s too, o 10-4 HA destroys
the protoplasts seems to us %o be important. Aoccordingly,
it should De assumed thix =11 those effects which are to be
observed in applying such high concentrations represent in-
direot offects of the HA, The liberaticn of "necrchormones"
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could be involved here, as Haberlandt has assumed to be
the cass,
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